In this study, it is reported an analytical approach to recover organochlorine pesticides from a clay soil. Soil was physical and chemically characterized. Also pesticides extraction was carried out using packed columns and various aqueous media (H 2 O-milliQ, NaOH, HCl, SDS, Triton X-114, Humic acids and Acetonitrile). The leachate samples were analyzed on an Agilent Technologies 6890N Gas Chromatograph with electron capture in a# AB002 Column 30.0 m × 250 μm × 0.25 μm calibrated, 25 psi pressure, flow 2.9 ml/min, temperature 25˚C, ultra-high purity Helium as the entrainment gas and an elution time of 50 min. The results show that the highest extraction percentage of pollutants in the soil washing was obtained with acetonitrile recovering: p, p'-DDT (91.0%); p, p'-DDE (92.0%); p, p'-DDD (96.0%); aldrin (98.6%); dieldrin (98.0%). With Triton X-114, the extractions recovery was: p, p'-DDT (63.0%); p, p'-DDE (64.0%); p, p'-DDD (65.0%); aldrin (67.0%); dieldrin (72.0%). This study illustrates the potential Applicability of SPME for routine analysis of organochlorine pesticides in soils.
Introduction
In Mexico, approximately 4.55 tons of pesticides (fungicides, herbicides and in-secticides) were spread over 1000 hectares between 2009 and 2010 [1] . In 2013 pesticide use amounted to 37,455 tons of insecticides, 31,195 tons of herbicides and 42,223 tons of fungicides [2] . In Mexico, approximately 4.55 tons of pesticides (fungicides, herbicides and insecticides) were spread over 1000 hectares between 2009 and 2010 [1] . The characteristics of pesticides, such as high lipophilicity, bioaccumulation, long half-life and potential of long range transport, have increased the chances of contaminating the air, water and soil, even after many years of application [3] . They are persistent, estrogenic, carcinogenic [4] , and able to bio-accumulate and bio-magnify through the biological chain [5] . Unfortunately, the utilization of these pesticides inevitably generates a large amount of polluted soil sites due to the stability of organochlorine compounds. Currently, the problem of highly pesticides polluted soil has become one of the most worrying issues in environmental protection [6] . Remediation of soil and sediment material containing organochlorine compounds can be problematic because of slow kinetics. It has been shown that equilibrium of organochlorine compounds between sorbent particles and water can last on the order of years [7] . This suggests that sorption of pesticides occurs with only a limited degree of reversibility depending upon both the chemical itself (e.g. its structure and solubility) and the soil properties involved (e.g. texture and soil physico-chemical parameters) [8] . Thus, soil can be regarded as an entity that is initially able to bind pesticides by functioning as a quasi-permanent sink, but then also may release those products back into the soil solution [9] . Ex situ soil washing in combination with environmentally friendly additives as cosolvents [10] , surfactants [11] [12] , humic acid [6] , may be a promising technology for achieving that goal [13] . It is recommended to include a solvent aided extraction and pre-concentration stage, so the increase on selectivity is favored. Laboratory studies have indicated that hydrophobic organic compounds can display adsorption/desorption non-singularity, a phenomenon also known as hysteresis [14] . While hysteresis is a pervasive and widely studied phenomenon, and adsorption/desorption hysteresis has been well-known for water silica gel systems for over a century, HOC-related adsorption hysteresis is poorly understood [15] . Pesticide leaching and desorption in soils has been assessed with different extractants in aqueous media as surfactants Brij 35, Tween 80, and SDS; or with organic solvents like acetone, triethylamine, and squalane [16] . A new approach using surfactants as Triton X-114, SDS and CTAB aided soil washing process to improve the performance of adsorption/desorption of atrazine in soil clays resulting a 95.0% of atrazine desorption with nonionic surfactant [17] .
To developing a simple, rapid and sensitive method on organochlorine pesticides determination is of great importance. Chromatographic techniques are usually used to determine pesticides [18] . Before determination, many preliminary steps, such as sampling, extraction, and clean-up for interference removal, need to be done. Typically, the sample pretreatment methods of organochlorine pesticides include liquid-liquid extraction [19] , solid-liquid extraction [20] . Solid-phase microextraction (SPME) is a solvent-free extraction technique that American Journal of Analytical Chemistry represents an easily automated alternative to conventional extraction methods [21] . SPME can avoid the toxic solvents or plugging of cartridges [22] , so it is obviously more beneficial than the traditional sample pre-treatment methods 
Materials and Method

Materials
Soil samples were collected from agricultural soils nearby to a chemical plant; samples were obtained at 50.0 cm depth. Soil samples were dried at room temperature and were sifted with a mesh size of 2.0 mm (NOM-021-SEMARNAT-2000).
Reagents
All reagents used in the study were analytical grade. The humic acid was reactive grade from Sigma Aldrich (98%), the humic acid solution was prepared to pro- 
Physical and Chemical Analysis of Soil
Soil analysis testing was done in triplicate, for the following parameters accord-American Journal of Analytical Chemistry 
Analysis of Contaminated Soil by X-Ray Diffraction (XRD)
The X-ray diffraction study allows to identify the mineralogical phases soil, such as clay fractions; for this step, it was used a powder difractometermRC SIEMENS D-500, with X-Ray tube, copper cathode at a wavelength CuK of 1.5418, plus nickel filter with 30 KV and 20 mA. It must be mentioned that measurements were done at 30˚ value respect to the 2θ angle.
Thermogravimetric Analysis (TGA) of Contaminated Soil
This analysis was carried out on 10 mg soil samples, previously sieved and homogenized, using a heating program of the Simultaneous TGA/DSC equipment: TA Instrument and model SDT-Q600, using temperature ranges from 0˚C to 1200˚C, with a heating rate of 5 degrees/min and a nitrogen flow of 100 ml/min −1 .
Extraction of Organochlorine Compounds from Soil Contaminated by Packed Columns
Packed columns with an internal diameter of 2. NaOH and acetonitrile during 4 days. The leachate solution obtained, after the washing process in each column, was analyzed by gas chromatography-mass spectrometry with electron capture detector (GC-EC-Ms), the most commonly used analytical technique for the determination of organochlorine pesticides and pesticides. In some cases, GC-EC-Ms can be coupled with mass spectrometry. Mass determination is commonly performed for structural confirmation purposes rather than for quantification [18] [25].
Extraction and Quantification of Organochlorine Compound
Liquid-Liquid Microextraction in Soil Washing Solutions
The quantification of contaminants in the soil washing solutions was carried out by a liquid-liquid microextraction (LLME). The liquid-liquid microextraction was carried out in a 1:1 ratio with dichloromethane and 2.0 ml of the soil washing solution. The solutions were agitated with an AX681/2 vortex mechanical stirrer for 5 minutes at a speed of 10,000 rpm. And subsequently centrifuged at 14,000 rpm for 1 hour to remove the particles in suspension and subsequently the samples of the extracts were passed through 0.2 μm Iso-Disc TM Filters N-25-2
Filters Nylon 25 mm × 0.2 mm of SUPELCO. The extracts from the samples were pre-concentrated in dichloromethane which was then evaporated and the residue was diluted in hexane in order to analyze the compounds of interest by GC-EC-Ms.
Solid-Liquid Microextraction of Contaminants in Soil
For quantification of residual pollutants in soil, after the washing process, soil samples were dried at room temperature to avoid the volatilization of contaminants; later on a solid phase microextraction was performed using 
Instrument
GC-MS analysis was performed by an Agilent 6890N gas chromatography (Agilent Technologies, CA, USA) coupled to a MS5975 mass spectrometer and equipped with a split/splitless injector port. Thes amples were separated by a # AB002 capillary column (5% phenyl-95% methyl siloxane, 30 m × 250 μm × 0.25 μm). Helium was used as carrier gas at a constant flow of 2.9 mL/min; splitless injection; injection temperature was 250˚C; the oven temperature was initially maintained at 70˚C (held for 1 min), then increased to 180˚C at a rate of 10˚C/min (held for 1 min), and finally reached 270˚C at 3˚C/min (held for 3 min). The total run time was about 50 min. The GC transfer line was set at 280˚C. The mass spectrometer was maintained in the electron impact (EI) ionization mode with a source temperature of 250˚C. The electron energy was 70 eV and the filament current was 200 μA. Chromatograms were acquired in "scan" mode scanning the quadrupole from m/z 35 to m/z 450.
To confirm the peaks of organochlorine pesticides, it was corroborated by comparing the spectra obtained from the samples with the corresponding standards.
Results
Physicochemical Analysis of Contaminated Soil
The results of soil physical characterization, by the Bouyoucus and X-Ray Diffraction methods, are reported in Table 1 . From these data it can be established that used soil corresponds to a clay-silty soil.
The physical and textural characterization of the contaminated soil exhibit 
X-Ray Diffraction Analysis of Soil
In Figure 1 , it is shown the diffractogram of the contaminated soil sample, with identification of signals corresponding to the different mineralogical phases, as follows: the most intense signal corresponds to the quartz (SiO 2 ) of which 64% is present, followed by Al 2 O 3 with 14% and in a lower order of abundance is Ortoclase (KAlSi 3 O 8 ) followed by Albite (NaAlSi 3 O 8 ), as well as potassium feldspars.
Major intensity signal corresponds to quartz (SiO 2 ) which is the most abundant mineral specie found in agricultural soil; also, there are characteristic signals for two clay species kaolinite (KAl 3 SiO 8 ) and albite (KAl 3 SiO 8 ).
Thermogravimetric Analysis of Contaminated Soil
In Figure 2 , it is presented the thermograms corresponding to the initial sample of contaminated soil. It is observed that at a temperature of 120˚C the signal corresponding to the organic compounds and at 600˚C the signal corresponding to the loss of water.
Qualitative and Quantitative Analysis of Soil Contaminants
In order to assess the precision of organochlorine compounds detection by GC-Ms technique, it was necessary to get the calibration curve, then a set of organochlorine compounds solutions, from 0.01 μg/L to 0.04 μg/L, was prepared using hexane HPLC grade as a solvent. In this concentration range it was possible to get a 0.999 correlation coefficient for organochlorine compounds detection.
For the analysis of the total concentration of pollutants in the agricultural soil, a solid-liquid extraction was carried out with the methodology described. 
Washing and Extraction of Organochlorine Compounds with Different Aqueous Medium
The organochlorine compounds can interact with soil solids by a series of mechanisms that can mainly be by hydrophobic interaction, ligand exchange, hydrogen bonding and ion exchange. The adsorption on the soil of the non-ionizable organic compounds tends to increase with the lipophobicity of the compound; the adsorption of these products is strongly related to the organic matter content of the soil, as well as to the type of clay phyllosilicates and oxides of Iron and aluminum [26] .
In Table 2 (a) and Table 2 (b), percentages of extracted pesticides (pesticide desorption) are reported for each of the columns, in reference to the different solutions used. It is important to point out that there are significant differences in some of the extraction media for different pesticides.
This is due to the hydrophobicity of the extraction media. As a result, a higher percentage of acetonitrile extraction in each of the organochlorine compounds as p, p'-DDT (91%), p, p'-DDE (92%), p, p'-DDD (96%), aldrin (98.6%) and dieldrin (98%). However the acetonitrile is discarded as an extraction medium, because it is a carcinogenic organic compound.
The use of surfactants like SDS and Triton X-114 in the removal of hydrophobic organic compounds in various environmental matrices have been successfully performed, are environmentally friendly and have been used in recent biodegradation and removal studies of persistent organic pollutants [17] .
In dieldrin 98.0% and aldrin 100%. With respect to the use of surfactants and humic acid, the order of desorption of each of the organic pollutants is Triton X-114 > SDS > humic acid. The use of acetonitrile in this desorption process was only as a comparative medium and the use of surfactants to anionic critical micellar concentration (triton X-114), ionic surfactant SDS and the use of humic acids to be able to have in the soil a greater of hydrophobic groups that allow us to have a greater desorption of the pollutants. The lowest percentages of extraction were obtained with water due to the polarity of the molecule. One of the main advantages of this experimental approach is that samples are prepared and analyzed in a simpler way, since it is not required special conditions for extraction, cleaning or additional treatments in order to determine the organochloride pesticides in agriculture soil which it can be a good option for extracting organic compounds in environmental matrices.
Conclusions
The SPME coupled with GC/MS has been demonstrated to be a simple, rapid, solvent free and sensitive method for the determination of organochlorine compounds in extracts soils. In this work, the analyzed soil has high concentrations of organochlorine compounds. From the study of leaching of pesticides by American Journal of Analytical Chemistry different means, it is concluded that there is a greater extraction of organochlorines in the following order: Acetonitrile > Triton-X114 > DSD > Acid humic > HCl > NaOH > H 2 O-Milli Q. The optimized method exhibited wide linearity, low detection limits and good repeatability. Moreover, good relative recoveries were obtained when method was used for the analysis of OCPs in soil samples, which illustrated the feasibility of the proposed SPME-GC/MS.
